ABSTRACT DIXI (dilation x-ray imager) will be used to characterize ICF (inertial confinement fusion) implosions on the NIF. DIXI utilizes pulse-dilation technology 1 to achieve x-ray imaging with temporal gate times below 10 ps. Time resolved x-ray measurements were conducted using the COMET laser facility at the Lawrence Livermore National Laboratory. Here we focus on some of the challenges faced by the large aperture photo cathode of the instrument and report on how to maintain a flat photo cathode as well as how the required spatial resolution of the instrument is achieved.
INTRODUCTION
The performance of ICF targets relies on the symmetric implosion of DT fuel in order to form a uniform central hot spot with high enough areal density and temperature to achieve ignition.
2
Gated broadband x-ray imaging at energies exceeding 8 keV is used to diagnose temporal (with currently achievable resolutions of 40 to 100 ps) and spatial histories of the implosion symmetry and hot spot non-uniformities. 3 Simulations predict features around bang time, which can only be resolved by faster gated imagers. 5 Therefore it is important to diagnose those interactions at a higher frame rate.
Here we present data for a new x-ray imaging diagnostic, DIXI (DIlation X-ray Imager), designed to work at shot neutron yields of up to 10 17 . The diagnostic uses pulse-dilation of an electron signal to achieve temporal gate times of less than 10 ps.
1 Possible uses for this technology include: measuring high energy electron transport rates in fast ignition experiments, analyzing the symmetry of late stage implosion of high energy targets and investigating burn wave dynamics for igniting targets. In each case, it will be necessary to image the hard x-ray emission source (10-40 keV). 
WORKING PRINCIPLE
DIXI uses pulse dilation of an electron signal from a transmission Photo-Cathode (PC) to achieve the short temporal gate times. Figure 1 (a) shows a diagram of DIXI indicating the main sections, whereas (b) illustrates the working principle of the instrument. An electron signal is generated as x-rays hit the Au or CsI transmission PC. 4 The electrons are sent through a drift space in which they are kept focused by a magnetic field. The magnetic field also de-magnifies the image (≈ 3×). The dilated electrons then hit the gated MCP detector, which is followed by a phosphor, fiber block and CCD/film back (fiber bundle and recording media not shown). Because the PC is pulsed, the electron signal has a velocity distribution and the electrons created early in time have a larger energy. As this pulse traverses the drift space the signal is dilated. The MCP pulse is timed relative to the PC pulse to gate the electron signal. The electron arrival time at the MCP (τ ) is the sum of the electron birth time (t), and the electron drift time. The electron drift time is dependent on Question the voltage of the PC pulse at the time the electron is born.
Where (x, y) is the birth location.
CHALLENGES
DIXI, which has a PC with 4 active areas that can be independently timed, will be sitting at 6.5 m from TCC (target chamber center) on the NIF (illustrated in figure 2 ). This is outside the target chamber and pinhole relayed images of the implosion will have a magnification of 64 ×. Therefore a field of view of 150 µm at tcc leads to a magnified image of 9.8 mm in diameter and an assumed 10 µm resolution element will be magnified to 640 µm at the PC. This leads to the need for a large active area on the photo cathode in order to capture enough images for a time sequence. The large size brings with it a number of challenges discussed below. Furthermore, since the system is designed to image the implosions, the instrument has to have a good spatial resolution. 4. PHOTOCATHODE
Spatial resolution
The total spatial resolution of the sytem (δ tot ) is a convolution of the spatial resolution of the instrument (δ instr ) and the resolution of the pinhole imaging system (δ ph ).
How the different spatial resolutions affect the δ tot is summarized for a handful of cases in The instrument resolution δ instr in turn is determined by the spatial resolution of the PC itself δ PC and the MCP detector δ mcp .
The spatial resolution of the gated MCP detector is 45 µm, but because of the de-magnification by the magnetic field translates to Mag B × δ mcp ≈ 3×45 µm at the PC.
δ PC depends on the material of the PC and the magnetic field strength at its position. Secondary photoelectrons are ejected with a characteristic energy spread depending on the PC material. Here we compare CsI and Au as the active PC material. CsI has two distinct advantages over Au, namely it has a higher quantum efficiency (QE), that is more secondary electrons are generated per incident photon. 4 The second advantage of CsI over Au is that it gives a better spatial resolution. CsI has a characteristic energy spread of 1.7 eV, compared to Au at 3.5 eV. 4 This combined with the fact that in the solenoid field the transverse excursion of the photoelectrons, and therefore δ PC , is limited to 4 times their cyclotron radius. .
Therefore the spatial resolution is inversely proportional to the magnetic field at the PC. The resulting theoretical instrument resolution using equations 4 and 5 is plotted in figure 3 (lines) for different magnetic fields and the two PC materials.
Measurements with a laser generated x-ray source were conducted at the COMET laser at LLNL. The laser had a pulse duration of 500-700 fs, a wavelength of 1.054 µm and a spot size of FWHM 8 µm. This lead to laser intensities around 2×10
19 Wcm −2 that were focused onto a 200 µm Cu target. The generated x-rays had an unobstructed view to the instrument, which was run in pulsed mode, and the strips were nearly co-timed. The spatial resolution of the instrument for the two PC materials was measured. To obtain the spatial resolution, the distance over which the signal level across the edge of a tantalum mask positioned in front of the transmission PC increases from 10-90% is measured. Measurements at 370 Gauss extraction field give a spatial resolution of 360 µm for the CsI PC, and 510 µm for the Au PC. For a CsI PC the magnetic extraction field was increased to 500 Gauss. The corresponding measured resolution is 280 µm. This is in good agreement with the value for δ instr assumed for cases C and D in table 1. All data points are in good agreement with the theory, and are plotted in figure 3 . On the NIF CsI will be used as the PC material. In addition to the higher spatial resolution, another advantage of CsI as a PC material over Au is the predicted 4 and widely observed increased quantum efficiency of CsI compared to Au, especially at the higher x-ray energies. 
PC design
The PC design for DIXI is: 50 µm Polyimmide film, with 200 nm Al, the ends of which are coated with 200 nm of Au for better electrical contact, the active PC area is coated with 400 nm of CsI. The benefit of the fairly thick material is the increased quantum efficiency at around 8-10 keV.
Frumkin et al. 6 measured the dependence of the quantum efficiency on the material thickness for CsI PC material and different x-ray energies (figure 10 in reference 6 ). Their study found that the QE reaches its maximal value at a CsI thickness of about 300-400 nm, for 5.9 and 8 keV photons, while the optimal thickness for higher x-ray energies is even thicker. They also observed a decrease in QE at thicknesses larger than the optimal, which they attributed to photons being absorbed in the front layers at a distance from the emission surface which is larger than the escape length of the secondary electron cascade. In other words, the photo convertor attenuates the x-ray flux arriving to the "useful" layers near the emission surface. The benefits of aluminium over gold as the conducting substrate is the higher and more homogeneous transmission of x-rays, especially between 5 and 10 keV. Polyimmide was chosen as the PC substrate because it is an insulator and transmits x-rays.
PC flatness
As mentioned above, the high magnification of the images on NIF results in the need for a large active area of the photocathode. At the same time it is important to be able to correlate the time of the images across the strip, and therefore have a constant propagation of the HV pulse across the strip. The big active area needed brings with it the challenge of maintaining an even gap between the PC and the anode mesh. This is accomplished by striving to keep the photocathode substrate flat. Figure 4 shows two raw images comparing the effect a wrinkled (b) PC has compared to a flat one (a). The observed distortion of the signal is attributed to the difference in the position of the zero crossing of the HV PC pulse along the strip when the x-rays hit the PC. Whereas the change in drift length due to distorted PC plane is negligible because of the long gate width of the mcp. 
MECHANICAL PC DESIGN
The flatness of the photo cathode is mainly achieved by improvements made to the mechanical design and tensioning procedure. The photo cathode membrane is bonded to a rigid Macor support ring only sparing the active area of the photocathode. Macor was chosen because of its high modulus of elasticity, an improvement of 18 × more stiff over the original design using PEEK and a thinner support frame. The low CTE of Macor provides a dimensionally stable platform which is ideal for use as a rigid flat support structure. The photo cathode membrane is tensioned using a thermal hydroscopic tensioning process. The photocathode is stretched over the Macor support ring and bonded around the periphery in an environmental oven at 80
• C and 50% humidity. During the cure the CTE mismatch and the swelling of the film due to water absorption creates an ideal condition while the epoxy cures. When the cured photocathode assembly is removed and returned to ambient the membrane shrinks in diameter as its moisture content is reduced. The photocathode tension becomes even tighter during use as the remaining water vapor is driven off the membrane while under vacuum.
SUMMARY
In summary we have shown that it is possible to obtain a large area PC that is mechanically flat, which is important to obtain a flat signal and be able to correlate the time of the images across the strip. Furthermore we have measured the spatial resolution of the instrument to be δ instr <300 µm at the PC and have shown that the magnetic field at the PC can be used to change and improve δ instr .
